Objective: Timing of gestational weight gain (GWG) may influence perinatal outcomes differently. This study aimed to find associations of latent GWG patterns with risk of large for gestational age (LGA) in women with overweight or obesity. Methods: A total of 4,438 women with overweight or obesity were included in the analyses. Latent trajectories of GWG associated with LGA were identified by trajectory analysis. GWG, risk of LGA and early pregnancy factors were compared between these identified groups. Results: This study identified four distinct GWG trajectory groups associated with LGA, each group including, respectively, 78.6, 19.0, 1.4, and 0.9% of the participants. Group 1 presented a typical curve with lower GWG in early pregnancy and relatively higher GWG in mid-and late pregnancy. Women in group 2 showed sustained high GWG and high LGA prevalence than women in group 1 (48.24 vs. 21.56%, p < 0.0001). A catch-up in GWG after low weight gain did not result in significantly higher risk of LGA in group 3 compared to group 1. On the other hand, a rapid GWG in the first two-thirds of pregnancy followed by a strict weight control was associated with elevated risk of LGA in group 4 than group 1 (62.50 vs. 21.56%, p < 0.0001). Conclusions: Women affected by overweight or obesity combined with high GWG in early mid-pregnancy were at elevated risk of LGA. Early clinical recognition of a poor GWG trajectory will enable early intervention in high-risk groups.
Introduction
Obesity during pregnancy is a major public health concern because of its high prevalence and increased risk for maternal and fetal complications. Women with overweight or obesity are at higher risk of pregnancy complications including gestational diabetes (GDM), pregnancy-induced hypertension, caesarean section, and delivery of infants with high birth weight, which influence long-term cardiovascular health in both mothers and offspring [1] [2] [3] . Excessive gestational weight gain (GWG) is another growing health issue that has been drawing worldwide attention . It also contributes to the risk for adverse pregnancy outcomes mentioned above [3] [4] [5] [6] [7] [8] [9] . GWG is a marker of fetal growth and is directly associated with birth weight. Recent studies indicated that a majority of women affected by overweight or obesity gained more weight than the Institute of Medicine recommendations [10] , and a joint effect of maternal obesity and excessive GWG on maternal and offspring outcomes was observed consistently [3, 10, 11] .
When assessing the effect of GWG on birth outcomes, researchers typically focus on total GWG. Nevertheless, GWG across specific intervals of pregnancy may contribute differently to perinatal outcomes. Some recent studies reassessed the association between GWG and pregnancy outcomes by subdividing the pregnancy period. However, conflicting findings were reported in this regard. Some studies reported that the majority of women with excessive total GWG gained more weight during early pregnancy [12] . Weight gain in early pregnancy is a determinant of infant birth weight and is associated with maternal and neonatal complications [12] [13] [14] [15] , while some studies declare that weight gain during mid-and late pregnancy is more important to infant birth weight since maternal GWG in these periods reflects growth of the fetus [16, 17] . A study by Karachaliou et al. [18] suggested that timing of GWG influences offspring outcomes differently. GWG in early pregnancy is associated with the risk of childhood obesity in offspring, while GWG in mid-and late pregnancy is associated with greater risk of delivery of infants born large for gestational age (LGA). However, it should be pointed out GWGs during different pregnancy periods are not independent factors. GWGs during mid-and late pregnancy might be affected by weight gain in previous intervals. Thus, constructing GWG trajectories and depicting its patterns helps to study GWG in a more comprehensive way. In this study, we constructed a latent class trajectory model to analyze the association of GWG trajectory patterns with neonatal birthweight in women with overweight or obesity, which is a high-risk group with high prevalence of inappropriate GWG requiring intensive intervention.
Methods

Study Population
The study population was from a large ongoing cohort study conducted at Beijing Obstetrics and Gynecology Hospital in China. The participants were selected from a total of 21,636 singleton pregnancy women who delivered between January 2014,and December 2017 in this hospital and participated in the cohort study. Singleton pregnancy women who were classified as overweight and obese according to the pre-pregnancy body mass index (BMI) by the Chinese guideline were included in the analysis [19] . Women with pre-existing chronic disease including type 2 diabetes, hypertension, liver, kidney, thyroid, or cardiovascular disease were excluded. The participants were enrolled in early pregnancy (6-8 weeks of gestation) and followed until delivery. This study has been approved by the Ethics Committee of Beijing Obstetrics and Gynecology Hospital. A written informed consent was obtained from all participants.
Measurements
Clinical information was collected through medical record review. Pre-pregnancy body weight was self-reported at first prenatal visit around 5-6th gestational week. Pre-pregnancy BMI was calculated as pre-pregnancy weight/height 2 (kg/m 2 ). Women with overweight (24≤ BMI < 28) and obesity (BMI ≥28 kg/m 2 ) were included in this study [19] . Total GWG and rate of GWG in early, mid-, and late pregnancy (0-16, 17-28, and ≥29 weeks' gestation) were calculated. Birth weight was classified as low birth weight (LBW) (< 2,500 g), normal weight (2,500-4,000 g), and macrosomia (> 4,000 g).
LGA (birthweights greater than the 90th percentile for gestational age) and SGA (birthweights below the 10th percentile for gestational age) were defined according to an international standard set by Villar et al. [20] . Less than 37 weeks' gestational age is defined as preterm. Early pregnancy metabolic measurements including fasting plasma glucose, total cholesterol (TC), triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-cholesterol (LDL-C) were measured at 7-13 weeks of gestation. Impaired fasting glucose in early pregnancy was defined as fasting serum glucose level between 6.1 and 7.0 mmol/L. GDM was diagnosed at 24-28 weeks of gestation using the American Diabetes Association (ADA) criteria [21] .
Statistical Methods
We first conducted the multivariate logistic regression model to assess the differential impact of GWG timing on risk of LGA. The variables included in the model were selected by the stepwise method. Potential risk factors included maternal age, pre-pregnancy BMI, GWG in early, mid-and late pregnancy, parity, presence of GDM, TG, TC, HDL-C, and LDL-C during early pregnancy. Subsequently, we constructed a latent class trajectory model to explore GWG trajectories associated with LGA using PROC TRAJ in SAS [22, 23] . PROC TRAJ is a flexible semi-parametric mixture model to discover latent patterns of change over time and to estimate the corresponding probability of falling into each group. The optimum number of groups and dimensions was determined by Bayesian Information Criterion (BIC) values [24] . Quadratic functions were used to estimate the GWG trajectories. Risk of LGA between estimated patterns of GWG were compared by PROC TRAJ. Additionally, we classified the participants into four groups based on the latent trajectory models. We depicted trajectories of total GWG based on the grouping strategy using a generalized linear regression model. Comparisons of participant characteristics between group 1 and other groups were made using ANOVA followed by Dunnett's multiple comparison tests. We also depicted latent class trajectories for macrosomia, SGA, and LBW. All analyses were conducted using SAS 9.3.
Results
This study included a total of 4,438 women with overweight or obesity. Characteristics of the participants are presented in Table 1 . The average pre-pregnancy BMI was 27.19 with a total GWG of 12.88 kg. The proportions of having an infant born LGA and macrosomia in these women were notably high (24.48 and 11.71%), while proportions of having an infant born SGA and LBW were relatively low (1.99 and 4.21%). We found that GWG throughout the pregnancy period (i.e., GWG in early, mid-and late pregnancy) is associated with LGA, adjusted for pre-pregnancy BMI, parity, presence of GDM, and HDL-C in early pregnancy ( Table 2) .
The results of the trajectory analysis are presented in Figure 1 . This study identified four distinct GWG patterns associated with different risk of LGA, including 78.6, 19.0, 1.4, and 0.9% of the participants. Figure 1 estimated patterns of GWG rate in three gestational periods. Figure 2 described weight gain curves throughout pregnancy using the identified four groups. Data are presented as n (%) or mean ± SD. EPL, early pregnancy loss; BMI, body mass index; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; GWG, gestational weight gain; LGA, large for gestational age; SGA, small for gestational age. Group 1 contained the majority of women. This group showed a lower GWG (1.69 kg) at 0-16 weeks of gestation and relatively higher GWG per week in mid-and late pregnancy (5.17 and 4.66 kg) ( Table 3 ). According to results from Figure 2 , women in group 1 did not gain weight in the first 13 weeks of gestation, and then their body weight increased approximately linearly. Group 2 represented a subgroup of women with sustained higher GWG from mid-pregnancy and thereby caused an increase in LGA risk compared to group 1. Women in this group had lower pre-pregnancy BMI and lower blood lipid levels in early pregnancy than group 1. Group 3 and group 4 contained a minority of women. Women in group 3 showed higher pre-pregnancy BMI, lower GWG in first two-thirds of the gestation and a catch-up in GWG in late pregnancy compared to group 1. The high GWG in late pregnancy resulted in high total GWG but not increased LGA risk (Table 3) . Women in group 4 showed higher GWG in early and midpregnancy and decreased GWG in late pregnancy compared with group 1. Although a significantly low total GWG was observed in group 4, the prevalence of LGA was remarkably high in this group. GWG trajectory pattern-associated risks of macrosomia and LGA were similar. On the other hand, no significant latent trajectory groups were shown to be associated with SGA or LBW. 
Discussion
This is the first study estimating GWG patterns with a latent class trajectory model in women with overweight or obesity. Overall, we identified four distinct GWG patterns associated with different risk of LGA and macrosomia. GWG in early, mid-and late pregnancy were all associated with elevated risk of LGA.
Group 1 showed a typical GWG trajectory with lower GWG in early pregnancy and relatively higher GWG in mid-and late pregnancy in overweight and obese women. GWG in group 1 was 1.69, 5.17, and 4.66 kg at 0-16, 17-28, and 29-40 weeks of gestation, respectively. Sustained high GWG during pregnancy in group 2 resulted in higher total GWG and a significant higher prevalence of LGA. This result was consistent with previous findings regarding the effect of total GWG on neonatal birth weight [4, 25] . There were other two special patterns discovered by latent class trajectory modeling. Interestingly, women in group 3 had higher total GWG but not significantly higher risk of LGA. In contrast, women in group 4 showed lower total GWG but remarkably higher risk of LGA than women in group 1. These seemingly contradictory results may be due to the timing of GWG. In pattern 3, women gained less weight in the first two-thirds of the gestation and showed a catch-up in GWG in late pregnancy. Although this catch-up ended up with a significantly higher total GWG compared to GWG in women in group 1, it did not affect the LGA prevalence. This result might suggest that high GWG in late pregnancy alone would not increase risk of LGA, which is in agreement with a previous report by Gaillard et al. [17] . They found that higher weight gain in early pregnancy but not mid-or late pregnancy was associated with adverse cardiometabolic profiles in offspring. In group 4, women gained more weight in the first two-thirds of gestation but showed a decline in weight gain in the last period. Although women in this group did not have high pre-pregnancy BMI, high GWG, or other LGA-related factors, the prevalence of having a baby with LGA was higher than in women in group 1. This result suggested the importance of GWG in early and mid-pregnancy which may influence risk of LGA. Studies by Davenport et al. [15] , Walter et al. [26] , and Rifas-Shiman et al. [27] also indicated the effect of early-and mid-pregnancy GWG on maternal and offspring outcomes.
Recent studies have been focusing on identifying critical periods for GWG with respect to managing GWG and priming maternal and offspring outcomes. However, only a few studies explored GWG trajectories. A study by Pugh et al. [28] estimated GWG trajectories in a normal- LGA, large for gestational age; BMI, body mass index; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. * Significant difference compared to group 1 by multiple comparison. weight subgroup of US women. They discovered four groups with low, moderate, moderatehigh, and high GWG. In this study, we focused on the rate of GWG instead of total GWG. Therefore, we identified patterns varied in rates of GWG. This strategy enabled us to identify women with special type of GWG, such as weight control after a rapid weight gain, or a catch-up in GWG after low weight gain, thereby to discover critical periods of weight management during pregnancy to prevent LGA. A study by Catov et al. [29] also constructed GWG patterns in women with overweight or obesity by examining all combinations of weight gain groups in different gestational periods. They found that high GWG before 20 weeks, regardless of later weight gain, was related to LGA delivery. This finding is consistent with our findings. One possible explanation for this finding is that GWG in early pregnancy is largely contributed by maternal fat deposition, which is associated with higher placental transfer of nutrients [17] and may result in higher neonatal birthweight. However, further studies are needed to clarify these underlying mechanisms.
This study has certain limitations. First, exploring GWG trajectories using the latent class trajectory model has certain drawbacks, i.e. some types of GWG patterns might not be identified with a small number of participants. Due to the limited number of participants in identified subgroups and low prevalence of pregnancy complications, no GWG patterns associated with SGA or LBW were identified. Second, we could not analyze GWG in overweight and obese women separately due to a limited number of obese women. Therefore, we could only provide optimal GWG for the whole group. Further large-scale studies are needed to provide more information on GWG in overweight and obese women. Additionally, body weight at 12 or 13 weeks is not available in the majority of the participants, so we used weight at 16 weeks to calculate the rate of GWG in early pregnancy instead. A study by Hutcheon et al. [30] revealed that the rate of GWG was minimal until 15-20 weeks and then increased in a linear manner until term in women with overweight or obesity. Therefore, lacking data before 15 weeks of gestational age may not influence assessment of the GWG rate in the early period of pregnancy.
In summary, this study identified four distinct GWG trajectories associated with LGA. Sustained high GWG and a rapid GWG in early and mid-pregnancy followed by a strict weight control were associated with elevated risk of LGA. On the other hand, a catch-up in GWG after low weight gain did not result in significant higher risk of LGA. This is the first time women with catch-up GWG or weight control after a rapid GWG were identified to have different risk of LGA by latent class trajectory analyses. Early clinical recognition of a poor GWG trajectory may help to detect high-risk groups and conduct individualized intervention to minimize adverse outcomes. However, large-scale studies are needed to confirm these findings.
